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Abstract  The Citrobacter plasmids 
are supposed to represent the host 
genetic association within the living 
bacterial cell. The plasmids are 
associated to host imparting various 
beneficial characteristics to its host 
helping it for retaining suitable 
characteristics for adaptation as 
well as evolution. The study aims at 
understanding the role of prophage 
in influencing host functional 
characteristics by horizontal gene 
transfer or as whole plasmids.  The  
Citrobacter plasmids can be 
understood by analyzing many 
hypothetical protein sequences 
within its genome. Our study 
included 82 hypothetical proteins in 
5 Citrobacter plasmids genomes. The 
function predictions in 31 
hypothetical proteins and 3-D 
structures were predicted for 11 
protein sequences using PS2 server. 
The probable function prediction 
was done by using Bioinformatics 
web tools like CDD-BLAST, 
INTERPROSCAN, PFAM and COGs 
by searching sequence databases for 
the presence of orthologous 
enzymatic conserved domains in the 
hypothetical sequences. This study 
identified many uncharacterized 
proteins, whose roles are yet to 
discover in Citrobacter plasmids. 
These results for unknown proteins 
within plasmids can be used in 
linking the genetic interactions of 
Citrobacter species and their 
functions in different environmental 
conditions.   
 
KeywordsPlasmids, hypothetical 
proteins, bioinformatics web tools, 
genetic interactions, environmental 
conditions. 
 
 
INTRODUCTION 
 
Citrobacter is a genus of Gram-
negative coliform bacteria in 
the Enterobacteriaceae family. 
The species C. amalonaticus, C. 
koseri, and C. freundii use 
solely citrate as a carbon source. 
Citrobacter species are differentiated 
by their ability to 
convert tryptophan to indole, 
ferment lactose, and 
utilize malonate. Citrobacter shows 
the ability to 
accumulate uranium by building 
phosphate complexes. These 
bacteria can be found almost 
everywhere 
in soil, water, wastewater, etc. It can 
also be found in 
the human intestine. They are rarely 
the source of illnesses, except for 
infections of the urinary 
tract and infant meningitis and seps
es C. freundii strains have inducible 
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ampC genes encoding resistance 
to ampicillin and first-
generation cephalosporins. In 
addition, isolates of Citrobacter may 
be resistant to multiple other 
antibiotics as a result of plasmid-
encoded resistance genes [13]. 
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TABLE 1 PREDICTED STRUCTURE AND FUNCTIONS IN CITROBACTER KOSERI ATCC BAA-895 PLASMID PCKO2 
NCBI Gene ID CDD-Blast Interproscan pfam COGs Structure 
      
5585605              Bacterial mobilisation 
protein (MobC); This 
family consists of 
several bacterial 
MobC-like, 
mobilisation proteins. 
MobC proteins belong 
to the group of 
relaxases. Together 
with MobA and MobB 
they bind to a single 
cis-active site of a 
mobilising plasmid, the 
origin of transfer (oriT) 
region. The absence of 
MobC has several 
different effects on oriT 
DNA. Site- and strand-
specific nicking by 
MobA protein is 
severely reduced, 
accounting for the 
lower frequency of 
mobilisation. The 
localised DNA strand 
separation required for 
this nicking is less 
affected, but becomes 
more sensitive to the 
level of active DNA 
gyrase in the cell. In 
addition, strand 
separation is not 
efficiently extended 
through the region 
containing the nick 
site. These effects 
suggest a model in 
which MobC acts as a 
molecular wedge for 
the relaxosome-
induced melting of oriT 
DNA. The effect of 
MobC on strand 
separation may be 
partially complemented 
by the helical 
distortion induced by 
supercoiling. However, 
MobC extends the 
melted region through 
the nick site, thus 
providing the single-
stranded substrate 
required for cleavage 
by MobA. 
 Bacterial 
mobilisation 
Bacterial 
mobilisation 
protein (MobC); 
Proteins of 100 
residues with 
WXG 
NO NO 
5585606              Relaxase/Mobilisation 
nuclease domain; 
Relaxases/mobilisation 
proteins are required 
for the horizontal 
transfer of genetic 
information contained 
on plasmids that 
Endonuclease 
relaxase, 
MobA/VirD2 
Endonuclease 
relaxase, 
MobA/VirD2 
NO NO 
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occurs during bacterial 
conjugation. The 
relaxase, in 
conjunction with 
several auxiliary 
proteins, forms the 
relaxation complex or 
relaxosome. Relaxases 
nick duplex DNA in a 
specific manner by 
catalysing trans-
esterification. 
5585608              Predicted DNA-binding 
protein with an HTH 
domain [General 
function prediction 
only] 
CopG-like DNA-
binding 
Ribbon-helix-helix 
protein, copG 
family; TraY 
family ;  
NO 2jxgA- 35- 36- 
0.001  
5585609              Plasmid stabilisation 
system protein; 
Members of this family 
are involved in plasmid 
stabilisation. The exact 
molecular function of 
this protein is not 
known. This family 
also encompasses 
RelE/ParE described 
in. 
Plasmid 
stabilisation 
system 
Plasmid 
stabilisation 
system protein 
Uncharacterized 
ACR  
1wmiA- 22- 61- 
4e-11  
5585611              NO NO DNA-dependent 
RNA polymerase 
NO NO 
5585613              NO NO Ribbon-helix-helix 
domain 
F0F1-type ATP 
synthase alpha 
subunit  
NO 
      
TABLE 2 PREDICTED STRUCTURE AND FUNCTIONS IN  CITROBACTER KOSERI ATCC BAA-895 PLASMID PCKO3 
NCBI Gene ID CDD-Blast Interproscan pfam COGs Structure 
      
5585589              NO Winged helix-
turn-helix 
transcription 
repressor DNA-
binding 
MarR family NO 2bv6A- 24 -36- 
0.010  
      N
at
ur
e 
Pr
ec
ed
in
gs
 : 
hd
l:1
01
01
/n
pr
e.
20
12
.6
83
6.
1 
: P
os
te
d 
25
 J
an
 2
01
2
5585590              TraM recognition site 
of TraD and TraG; This 
family includes both 
TraG and TraD as well 
as VirD4 proteins. 
TraG is essential for 
DNA transfer in 
bacterial conjugation. 
These proteins are 
thought to mediate 
interactions between 
the DNA-processing 
(Dtr) and the mating 
pair formation (Mpf) 
systems. This domain 
interacts with the 
relaxosome component 
TraM via the latter's 
tetramerisation 
domain. TraD is a 
hexameric ring ATPase 
that forms the 
cytoplasmic face of the 
conjugative pore ; AAA-
like domain; This 
family of domains 
contain a P-loop motif 
that is characteristic of 
the AAA superfamily. 
Many of the proteins in 
this family are 
conjugative transfer 
proteins 
 Mobilization, 
MobA 
TraM recognition 
site of TraD and 
TraG ; AAA-like 
domain 
NO 1e9rB- 13- 100- 
6e-24  
5585595               Plasmid stabilisation 
system protein; 
Members of this family 
are involved in plasmid 
stabilisation. The exact 
molecular function of 
this protein is not 
known. This family 
also encompasses 
RelE/ParE described 
in. 
 Plasmid 
stabilisation 
system 
Plasmid 
stabilisation 
system protein 
NO NO 
5585600              Lysis protein; These 
small bacterial 
proteins are required 
for colicin release and 
partial cell lysis. This 
family contains lysis 
proteins for several 
different forms of 
colicin. B. subtilis lytA 
has been included in 
this family, the 
similarity is not highly 
significant, however it 
is also a short protein, 
that is involved in 
secretion of other 
proteins (Bateman A 
pers. obs.). This family 
includes a signal 
peptide motif and a 
lipid attachment site. 
Colicin lysis 
protein 
Lysis protein NO NO 
5585601              Cloacin immunity 
protein; 
 Cloacin immunity 
protein 
 3eipA- 70- 137- 
5e-34  
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5585602              Colicin-like bacteriocin 
tRNase domain; The C-
terminal region of 
colicin-like 
bacteriocins is either a 
pore-forming or an 
endonuclease-like 
domain. Cloacin and 
Pyocins have similar 
structures and 
activities to the colicins 
from E coli and the 
klebicins from 
Klebsiella spp. Colicins 
E5 and D cleave the 
anticodon loops of 
distinct tRNAs of 
Escherichia coli both 
in vivo and in vitro. 
The full-length 
molecule has an N-
terminal translocation 
domain and a middle, 
double alpha-helical 
region which is 
receptor-binding; 
Coiled-coil receptor-
binding R-domain of 
colicin E2; E2 is a 
DNase which utilises 
the outer membrane 
receptor BtuB to bind 
to and enter the cell. 
This family of proteins 
is E2R135 (residues 
321-443) which is the 
part of E2 which is 
responsible for binding 
to BtuB in a coiled coil 
formation ;Cytotoxic; 
The cytotoxic domain 
confers cytotoxic 
activity to proteins, 
enabling the formation 
of nucleolytic breaks in 
16S ribosomal RNA. 
The structure of the 
domain reveals a 
highly twisted central 
beta-sheet elaborated 
with a short N-
terminal alpha-helix 
Cloacin; Colicin 
E3, ribonuclease; 
Pyosin/cloacin, 
translocation 
Colicin-like 
bacteriocin 
tRNase domain; 
Coiled-coil 
receptor-binding 
R-domain of 
colicin 
E2;Cytotoxic; 
Exonuclease VII, 
large subunit; 
HlyD family 
secretion protein; 
Mechanosensitive 
ion channel porin 
domain; Bacterial 
type III secretion 
protein (HrpB7); 
Tropomyosin like; 
Laminin Domain 
II; SlyX; 
Intermediate 
filament protein; 
IncA protein; 
Laminin Domain 
II 
ATPase involved 
in DNA repair 
2b5uA- 60- 561 -
1e-161  
5585603              Rop protein Regulatory protein 
Rop 
Rop protein; 
Spore germination 
B3/ GerAC like, 
C-terminal 
NO 1yo7A- 55- 82- 
2e-17  
 
 
TABLE 3 PREDICTED STRUCTURE AND FUNCTIONS IN  CITROBACTER RODENTIUM ICC168 PLASMID PCROD1 
 
 
NCBI Gene ID CDD-Blast Interproscan pfam COGs Structure 
      
8703859              NO NO Ring 
hydroxylating 
alpha subunit 
(catalytic domain) 
NO NO 
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8703862              C-terminal DNA-
binding domain of 
LuxR-like proteins. 
This domain contains 
a helix-turn-helix motif 
and binds DNA. 
Proteins belonging to 
this group are 
response regulators; 
some act as 
transcriptional 
activators, others as 
transcriptional 
repressors. Many are 
active as homodimers. 
Many are two domain 
proteins in which the 
DNA binding property 
of the C-terminal DNA 
binding domain is 
modulated by 
modifications of the N-
terminal domain. For 
example in the case of 
Lux R which 
participates in the 
regulation of gene 
expression in response 
to fluctuations in cell-
population density 
(quorum-sensing), a 
signaling molecule, the 
pheromone Acyl HSL 
(N-acyl derivatives of 
homoserine lactone), 
binds to the N-terminal 
domain and leads to 
LuxR dimerization. For 
others phophorylation 
of the N-terminal 
domain leads to 
multimerization, for 
example Escherichia 
coli NarL and 
Sinorhizobium melilot 
FixJ. NarL controls 
gene expression of 
many respiratory-
related operons when 
environmental nitrate 
or nitrite is present 
under anerobic 
conditions. FixJ is 
involved in the 
transcriptional 
activation of nitrogen 
fixation genes. The 
group also includes 
small proteins which 
lack an N-terminal 
signaling domain, such 
as Bacillus subtilis 
GerE. GerE is dimeric 
and acts in 
conjunction with 
sigmaK as an activator 
or a repressor 
modulating the 
expression of various 
Transcription 
regulator LuxR, C-
terminal; Winged 
helix-turn-helix 
transcription 
repressor DNA-
binding 
Bacterial 
regulatory 
proteins, luxR 
family 
NO 1p4wA- 36- 34- 
0.009  
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genes in particular 
those encoding the 
spore-coat. These LuxR 
family regulators may 
share a similar 
organization of their 
target binding sites. 
For example the LuxR 
dimer binds the lux 
box, a 20bp inverted 
repeat, GerE dimers 
bind two 12bp 
consensus sequences 
in inverted orientation 
having the central four 
bases overlap, and the 
NarL dimer binds two 
7bp inverted repeats 
separated by 2 bp. 
8703872              EAL domain. This 
domain is found in 
diverse bacterial 
signaling proteins. It is 
called EAL after its 
conserved residues 
and is also known as 
domain of unknown 
function 2 (DUF2). The 
EAL domain has been 
shown to stimulate 
degradation of a 
second messenger, 
cyclic di-GMP, and is a 
good candidate for a 
diguanylate 
phosphodiesterase 
function. Together with 
the GGDEF domain, 
EAL might be involved 
in regulating cell 
surface adhesiveness 
in bacteria. 
Diguanylate 
phosphodiesterase
, EAL domain 
EAL domain EAL domain  2r6oA- 26- 354- 
7e-99 
8703879              NO NO CS1 type fimbrial 
major subunit 
NO NO 
8703880              NO NO Bacterial Ig-like 
domain (group 2); 
HIRA B motif 
NO NO 
8703892              NO NO Choline kinase N 
terminus 
NO NO 
8703898              NO NO Antihypertensive 
protein BDS-I/II 
NO NO 
 
 
TABLE 4 PREDICTED STRUCTURE AND FUNCTIONS IN  CITROBACTER RODENTIUM ICC168 PLASMID PCROD2 
 
 
NCBI Gene ID CDD-Blast Interproscan pfam COGs Structure 
      
8695050              NO NO Nucleotidyltransfe
rase domain 
NO NO 
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8695055              DnaJ domain or J-
domain. DnaJ/Hsp40 
(heat shock protein 40) 
proteins are highly 
conserved and play 
crucial roles in protein 
translation, folding, 
unfolding, 
translocation, and 
degradation. They act 
primarily by 
stimulating the ATPase 
activity of Hsp70s, an 
important chaperonine 
family. Hsp40 proteins 
are characterized by 
the presence of a J 
domain, which 
mediates the 
interaction with 
Hsp70. They may 
contain other domains 
as well, and the 
architectures provide a 
means of classification; 
terminal organelle 
assembly protein TopJ; 
This model describes 
TopJ (MG_200, CbpA), 
a DnaJ homolog and 
probable assembly 
protein of the 
Mycoplasma terminal 
organelle. The terminal 
organelle is involved in 
both cytadherence and 
gliding motility 
Heat shock 
protein DnaJ, N-
terminal; Heat 
shock protein 
DnaJ 
DnaJ domain; 
Malate 
dehydrogenase 
enzyme 
Molecular 
chaperones, 
DnaJ class  
2ctwA- 34- 98- 
7e-22 
8695061              NO NO Rhomboid family; 
Predicted 
membrane 
protein 
NO NO 
8695063              NO NO Predicted integral 
membrane 
protein 
NO NO 
8695064              NO NO Ribbon-helix-helix 
protein, copG 
family 
NO NO 
8695069              NO NO Prokaryotic 
membrane 
lipoprotein lipid 
attachment site 
NO NO 
8695075              NO NO TraP protein NO NO 
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8695077              YadA-like C-terminal 
region; This region 
represents the C-
terminal 120 amino 
acids of a family of 
surface-exposed 
bacterial proteins. 
YadA, an adhesin from 
Yersinia, was the first 
member of this family 
to be characterised. 
UspA2 from Moraxella 
was second. The Eib 
immunoglobulin-
binding proteins from 
E. coli were third, 
followed by the DsrA 
proteins of 
Haemophilus ducreyi 
and others. These 
proteins are 
homologous at their C-
terminal and have 
predicted signal 
sequences, but they 
diverge elsewhere. The 
C-terminal 9 amino 
acids, consisting of 
alternating 
hydrophobic amino 
acids ending in F or W, 
comprise a targeting 
motif for the outer 
membrane of the Gram 
negative cell envelope. 
This region is 
important for 
oligomerisation; N-
acetylmuramoyl-L-
alanine amidase; 
Validated;  
YadA-like, C-
terminal 
YadA-like C-
terminal region; 
CRISPR 
associated protein 
Cas6 
NO 2gr7A- 23- 67- 
1e-11  
8695084              C-terminal DNA-
binding domain of 
LuxR-like proteins. 
This domain contains 
a helix-turn-helix motif 
and binds DNA. 
Proteins belonging to 
this group are 
response regulators; 
some act as 
transcriptional 
activators, others as 
transcriptional 
repressors. Many are 
active as homodimers. 
Many are two domain 
proteins in which the 
DNA binding property 
of the C-terminal DNA 
binding domain is 
modulated by 
modifications of the N-
terminal domain. For 
example in the case of 
Lux R which 
participates in the 
regulation of gene 
expression in response 
Transcription 
regulator LuxR, C-
terminal; Winged 
helix-turn-helix 
transcription 
repressor DNA-
binding; Signal 
transduction 
response 
regulator, C-
terminal effector 
Bacterial 
regulatory 
proteins, luxR 
family 
Response 
regulator 
containing a 
CheY-like 
receiver domain 
and an HTH 
DNA-binding 
domain 
2q0oA- 18- 35- 
0.004  
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to fluctuations in cell-
population density 
(quorum-sensing), a 
signaling molecule, the 
pheromone Acyl HSL 
(N-acyl derivatives of 
homoserine lactone), 
binds to the N-terminal 
domain and leads to 
LuxR dimerization. For 
others phophorylation 
of the N-terminal 
domain leads to 
multimerization, for 
example Escherichia 
coli NarL and 
Sinorhizobium melilot 
FixJ. NarL controls 
gene expression of 
many respiratory-
related operons when 
environmental nitrate 
or nitrite is present 
under anerobic 
conditions. FixJ is 
involved in the 
transcriptional 
activation of nitrogen 
fixation genes. The 
group also includes 
small proteins which 
lack an N-terminal 
signaling domain, such 
as Bacillus subtilis 
GerE. GerE is dimeric 
and acts in 
conjunction with 
sigmaK as an activator 
or a repressor 
modulating the 
expression of various 
genes in particular 
those encoding the 
spore-coat. These LuxR 
family regulators may 
share a similar 
organization of their 
target binding sites. 
For example the LuxR 
dimer binds the lux 
box, a 20bp inverted 
repeat, GerE dimers 
bind two 12bp 
consensus sequences 
in inverted orientation 
having the central four 
bases overlap, and the 
NarL dimer binds two 
7bp inverted repeats 
separated by 2 bp. 
8695093              NO NO Arc-like DNA 
binding domain 
NO NO 
 
TABLE 5 PREDICTED STRUCTURE AND FUNCTIONS IN  CITROBACTER RODENTIUM ICC168 PLASMID PCROD3 
 
NCBI Gene ID CDD-Blast Interproscan pfam COGs Structure 
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The Citrobacter genus is classified 
under the family 
Enterobacteriaceae. They typically 
utilize citrate as their sole carbon 
source. They are Gram-negative, 
nonsporeforming, facultative 
anaerobic andmotile bacilli 
employing peritrichous flagella for 
locomotion. They do not have 
oxidase but have Catalase and are 
methyl red positive. They produce a 
double positive result in the TSI 
biochemical test due to the 
production of acids and gas from the 
fermentation of glucose and other 
carbohydrates. They are frequently 
isolated from urine, blood, fecal 
samples and cerebrospinal fluid and 
have been found in the urinary tract 
causing urinary tract infections and 
human nose and are believed to be 
natural commensal organisms in 
the human digestive tract.  
They are most related to the 
Salmonella and Escherichia genus 
groups. Species in the genus have 
been referred to by numerous 
names such as Bacterium 
freundii, Citrobacter 
freundii, Escherichia 
freundii, Colobactrum freundii, 
Paracolobactrum freundii, Salmonella 
ballerup and Salmonella hormaechei. 
(http://www.scribd.com/doc/26899
390/Genus-Citrobacter).  
Citrobacter species are rod-shaped 
bacteria that are found in the 
environment and also in the human 
intestinal tract. Citrobacter species 
have been associated with diarrhoea 
and secondary infections in 
debilitated persons, infections of the 
urinary tract, and infant meningitis. 
They also occasionally cause severe 
bloodstream infections 
(bacteraemia).  C. freundii is the 
most commonly isolated species 
[13]. 
      
8690829              Conjugal transfer 
protein TraD; This 
family contains 
bacterial TraD conjugal 
transfer proteins. 
Mutations in the TraD 
gene result in loss of 
transfer. 
Conjugal transfer, 
TraD, alpha-type 
Conjugal transfer 
protein TraD; 
She9 / Mdm33 
family 
NO NO 
Bioinformatics assists us to predict 
the structure and function in the 
unknown protein sequences using 
web tools like CDD-BLAST, 
INTERPROSCAN, PFAM and COGs. 
Online automated servers can 
predict the three dimensional 
structures for protein sequences by 
using the strategy of aligning target 
sequences with orthologous 
sequences by virtue of sequence 
homology and based on that, 
constructs the 3-D structure for 
target protein using best scored 
template of orthologous family 
member. Protein Structure 
Prediction Server (PS2 server) can 
help us to predict 3-D structure of 
the hypothetical proteins. The 
present paper represents the 
structure and function predictions 
for hypothetical proteins in plasmids 
of different Citrobacter species, 
which can provide novel information 
in understanding their role in 
imparting various beneficial 
characteristics to them as well as 
their adaptation and evolution. 
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MATERIALS AND METHODS 
 
A. Sequence Retrieval 
 
The genomes form different 
Citrobacter species were downloaded 
from the KEGG Database (http: 
//www.genome.jp/kegg/). The 
plasmids includes Citrobacter koseri 
ATCC BAA-895 plasmid pCKO2,  
Citrobacter koseri ATCC BAA-895 
plasmid pCKO3, Citrobacter 
rodentium ICC168 plasmid 
pCROD1, Citrobacter rodentium 
ICC168 plasmid pCROD2 and 
Citrobacter rodentium ICC168 
plasmid pCROD3 [8].  
 
B. Functional Annotations & 
Categorization 
 
Hypothetical proteins were screened 
for the presence of enzymatic 
conserved domains using sequence 
similarity search with close 
orthologous family members 
available in various protein 
databases using the webtools. Four 
bioinformatics web tools like CDD-
BLAST 
(http://www.ncbi.nlm.nih.gov/BLAS
T/) [2, 3, 4], INTERPROSCAN 
(http://www.abi.ac.uk/interpro) 
[15], Pfam 
(http://www.pfam.sanger.ac.uk/) 
[1] and COGs 
(http://www.ncbi.nih,gov/cog) [9] 
were used, which shows the ability 
to search the defined conserved 
domains in the sequences and 
assist in the classification of 
proteins in a concern family [6, 7, 
10, 12]. 
 
C. Protein Structure Prediction 
 
Several online protein structure 
prediction servers are available. Out 
of that, online PS2 (PS Squared) 
Protein Structure Prediction Server 
was used 
(http://www.ps2.life.nctu.edu.tw/)[
5], which accepts the protein (query) 
sequences in FASTA format and 
uses the strategies of Pair-wise and 
multiple alignment by combining 
powers of the programs PSI-BLAST, 
IMPALA and T-COFFEE in both 
target – template selection and 
target– template alignment and 
resultant target proteins 3D 
structures were constructed using 
structural positioning information of 
atomic coordinates for known 
template in PDB format using best 
scored alignment data. Where the 
selection of template was based on 
the same conserved domain 
detected in the functional 
annotations and which must be 
available in the structure alignment 
for modeling purpose [11, 14]. 
 
 
RESULTS AND DISCUSSION 
 
A. Functional Annotations 
 
The web tools based analysis 
classified each hypothetical protein 
into particular family member based 
on conserved domain available in 
the sequences which are 
represented in Table 1 through 5. 
 
B. Protein Structure Prediction 
 
The (PS)2 Server built the three 
dimensional structures for 
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hypothetical proteins which can be 
used in further analysis. Where out 
of 82 sequences analyzed, (PS)2 
satisfactorily predicted structures of 
11 hypothetical proteins using best 
scored orthologous template. These 
templates with best scoring with 
hypothetical sequences were 
represented by their features such 
as Template ID, Identity, Score and 
E-value which was represented in 
structure column of each Table from 
1 through 5. 
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NCBI Gene ID 5585608 
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CONCLUSION 
 
The structural and functional 
classifications of hypothetical 
proteins in 5 different Citrobacter 
plasmids were carried out by 
application of bioinformatics tools, 
which suggests that many probable 
functional proteins are available in 
them. These proteins might be 
responsible to influence the 
metabolic activities yet not 
discovered in Citrobacter species. 
The prediction of structures and 
functions in 82 hypothetical 
proteins showing presence of 
conserved domain may assist us in 
revealing their role in Citrobacter 
species with respect to adaptation, 
metabolism and evolution.  
The in-silico analysis for the 
hypothetical proteins can be proved 
only on expression of the selective 
gene through cloning. The results 
obtained are concluded on the bases 
of available information in different 
databases and are valid till date. 
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